Duganella sacchari sp. nov. and Duganella radicis sp. nov., two novel species isolated from rhizosphere of field-grown sugar cane
, were isolated from rhizosphere soil and rhizoplane of field-grown sugar cane clone Co86032. Comparative 16S rRNA gene sequence analysis showed a clear affiliation of these two bacteria with the class Betaproteobacteria, their closest relatives being Pseudoduganella violaceinigra and Duganella zoogloeoides with 16S rRNA gene sequence pairwise similarities of 96.4-97.2 % to the two novel strains. Strains T and Sac-41 T shared a 16S rRNA gene sequence similarity value of 97.6 %. Cells of the two strains were
Gram-reaction-negative, aerobic, motile and rod-shaped. Ubiquinone (Q-8) was the respiratory quinone and the predominant polar lipids consisted of phosphatidylglycerol and phosphatidylethanolamine. The main cellular fatty acids were C 16 : 0 , C 16 : 1 v7c/iso-C 15 : 0 2-OH, C 17 : 0 cyclo, C 10 : 0 3-OH and C 12 : 0 . The DNA G+C content of the genomic DNA was 56.4 mol% for strain Sac-22 T and 54.9 mol% for strain . Based on the results of 16S rRNA gene sequence analysis and physiological and biochemical characterization, that differentiated strains T from all recognized species of the genus Duganella, it was concluded that strains represent two novel species in the genus Duganella for which the names Duganella sacchari sp. The type strain of the type species of Duganella (Duganella zoogloeoides Durgan strain 115) was originally placed in the genus Zoogloea (Friedman et al., 1968) . Due to extensive phenotypic dissimilarities with Zoogloea and possession of a unique 16S rRNA sequence, this strain was separately assigned to a new genus Duganella (Hiraishi et al., 1997) . Taxonomically this genus is accommodated under the class Betaproteobacteria, order Burkholderiales and family
Oxalobacteraceae. Members of this genus are short, Gram-negative rods and motile by means of a polar flagellum. They are obligately aerobic, mesophilic, chemoorganotrophic and non-spore-forming bacteria (Garrity et al., 2005) . Recently, based on the differences in 16S rRNA gene sequence, phenotypic characters and chemotaxonomic properties, Duganella violaceinigra isolated from forest soils (Li et al., 2004) has been reclassified into a new genus and renamed Pseudoduganella violaceinigra (Kämpfer et al., 2012) . So currently, this genus comprises of two species, Duganella zoogloeoides and Duganella phyllosphaerae, isolated from sewage water and from forest soil supporting Trifolium repens, respectively (Hiraishi et al., 1997; Kämpfer et al., 2012) . In this paper we describe three strains Sac-22 T , Sac-36 and Sac-41 T that are extracellular-polysaccharide-producing plant-growth-promoting bacteria isolated from sugar cane.
Three strains were isolated from rhizoplane and rhizosphere soil of field-grown sugar cane (clone Co86032) on selective ammonium mineral salts (AMS) medium (Whittenbury et al., 1970) . Colonies on AMS/R2A agar (Difco) are white, tough, dry, viscous and convex with entire margins and a smooth appearance (Fig. S1a , available in IJSEM online). Phenotypic properties of strains T , Sac-36 and Sac-41 T compared with close relatives are shown in Table 1 . Pseudoduganella violaceinigra KCTC 12193 T and Duganella zoogloeoides KACC 11690 T were cultured as references for the investigation of the phenotypic properties of the rhizosphere isolates, using the same laboratory conditions. Cell morphology was observed under a light microscope at 10006, with cells grown for 48 h at 30 u C on R2A agar. Scanning electron microscope (SEM) observations were performed as described by Bozzola & Russell (1998) using a Hitachi S-2500C SEM with GEMINI column equipped with a fieldemission electron source. Cells of T , Sac-36 and Sac-41 T were rods, ranging in length from 1.2 to 1.4 mm and with a width of 0.31-0.46 mm (Fig. S2 ).
Genomic DNA from cells cultured on R2A medium was extracted according to the kit instructions (QIAamp DNA mini kit, Qiagen). The 16S rRNA gene was PCR amplified from the genomic DNA using universal primers 27F and 1492R (DeLong, 1992) . Cycling conditions were as follows: initial denaturation for 10 min at 95 u C; then 30 cycles of 1.5 min at 95 u C, 1.5 min at 55 u C and 1.5 min at 72 u C; and a final extension for 10 min at 72 uC. 16S rRNA gene sequence was determined by the fluorescent dye terminator method using the ABI prism Big dye terminator cycle sequencing ready reaction kit (version 3.1). The products were run on an ABI3730XL capillary DNA sequencer (ABI Prism 310 Genetic Analyzer). Sequence comparison with close relatives available in GenBank was performed using BLAST (http://www.ncbi.nlm.nih.gov) to determine an approximate phylogenetic affiliation and aligned using CLUSTAL W (Thompson et al., 1994) . The 16S rRNA gene sequences of related taxa were obtained from the EzTaxon-e Database (http://eztaxon-e.ezbiocloud.net/ ; Kim et al., 2012) . Phylogenetic analyses were carried out using three treeing algorithms, the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1971 ) methods using the MEGA version 5.05 (Tamura et al., 2011) and bootstrap values based on 1000 replications (Felsenstein, 1985) . The 16S rRNA gene sequence was compared with those of the type strains of species of the genera Duganella and Massilia with validly published names at the time of writing. A neighbour-joining tree ( Fig. 1) , based on 16S rRNA gene sequence studies, showed that the organisms formed the deepest branch outside the Duganella zoogloeoides cluster, which included Duganella phyllosphaerae, with a bootstrap value of 52 %. This phylogenetic placement was also found in the tree constructed using the maximum-likelihood T formed a cluster with Duganella zoogloeoides when the maximum-parsimony method was employed (Fig. S4) . The high level of sequence similarity (96.4-97.1 %) revealed that they are closely related to reference strains belong to the genus Duganella. The closest relative of the strain Sac-22 T was D. zoogloeoides IAM 12670 T , with pairwise similarity of 96.8 %, followed by P. violaceinigra YIM 31327 T (96.5 %). Levels of 16S rRNA gene sequence similarity between strain Sac-41 T and members of the genera Duganella and Massilia were 96.5-97.1 %) and 95.1-97.8 % respectively. In order to determine, if the new isolate constituted a novel species of the genus Duganella, we carried out DNA-DNA hybridization studies between the reference strains of Duganella species and strain Sac-41
To determine the use of different carbon compounds Biolog GN2 Microplates were used, and utilization of other carbon compounds not included in the Biolog plates was determined using the methods described by Madhaiyan et al. (2007c) and Green & Bousfield (1982) . The characteristics features which differentiate the strains (Sac-22 T , Sac-36 and Sac-41 T ) from their closest relatives in utilization of other carbon-sources are summarized in Table 1 . Gram staining was performed by using the Gram staining kit (Difco), and bacterial suspensions were examined by phase-contrast microscopy for cell morphology. Motility was tested by culturing the organisms in R2A media that contained 0.4 % soft agar (w/v). The pH range for growth was determined on R2A agar (Difco Laboratories). The growth temperature range (4, 10, 20,
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Massilia consociata CCUG 58010 T (FN814307) Sac-41 T and Sac-36) and close relatives of the genus. Filled circles at nodes indicate generic branches that were also recovered by using both maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) tree-making algorithms. Bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at the branch points. Bar, 0.01 substitutions per nucleotide position.
25, 30, 37 and 45 u C) and NaCl tolerance [0, 1, 2, 3, 4, 5 and 10 % (w/v)] were tested on R2A medium. All tests were performed at 30 u C, unless otherwise indicated. Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 , and oxidase activity was determined with 1 % (w/v) tetramethyl-r-phenylenediamine using Difco BBL catalase and oxidase reagent droppers according to the manufacturer's instructions (Difco, Becton, Dickinson and Company). Starch hydrolysis was determined with Lugol's iodine solution after cultivation on R2A plates containing 0.2 % (w/v) starch. For the hydrolysis of carboxymethylcellulose, the isolate was cultured on R2A plates supplemented with 0.5 % (w/v) carboxymethyl-cellulose. After culturing, the plates were stained with 0.2 % aqueous Congo red dye solution and washed with 1 M NaCl solution in order to observe the zone of clearing. The antibiotic resistance pattern and heavy metal tolerance of the strain was determined (Chanprame et al., 1996; Tan et al., 1999; Madhaiyan et al., 2007b) . Lipolytic and proteolytic activities were investigated on Tributyrin agar with 1 % glycerol tributyrate (v/v) and 10 % TSA with 1.5 % skim milk respectively. The plates were incubated for 3-5 days and examined for the presence of clearance zones around the growing colonies. The polygalacturonases and the cellulose activity were checked using standard procedures (Laurent et al., 2000) . Cells stained Gram-negative and their colonies were non-pigmented and Sac-22 T and Sac-41 T strains could be distinguished from other type strains (Table 1) . Strains were able to grow at 15-37 u C (optimum 30 u C), pH 4-10 (optimum pH 7.2) and were sensitive to NaCl .1 % (w/v). The main phenotypic characteristics differentiating all the sugar cane isolates from the members of Duganella are shown in Table 1 . More detailed results of phenotypic tests and nutritional features of strains T and Sac-41 T are given in the species descriptions. The ability to produce siderophores by the bacterial strains was assayed using the 'universal' Chrome Azurol S (CAS) assay (Schwyn & Neilands, 1987) . Strain Sac-41 T and Sac-36 showed positive reactions for siderophore production and these strains were rhizoplane in origin (Fig. S1b ).
Quinones and polar lipids were extracted and analysed according to the protocol of Minnikin et al. (1984) . Ubiquinone 8 (Q-8) was the predominant respiratory quinone, which is in congruence with previous findings (Hiraishi et al., 1997; Li et al., 2004; Kämpfer et al., 2012) . The predominant polar lipids were phosphatidylglycerol (PG) and phosphatidylethanolamine (PE), found in both strains. In addition, strain T contained one unknown aminolipid (Fig. S5) . For cellular fatty acid analysis, the strain was cultured in R2A at 30 u C for 48 h. The physiological age of the harvested biomass was standardized by observing growth development and harvest according to growth state. The cellular fatty acids were extracted, methylated, separated by gas chromatography (model 6890; Hewlett Packard) according to the protocol of the Sherlock Microbial Identification System (MIDI, Sasser, 1990 ) version 6.10, with the database TSBA 6 used to assign GC peaks to each fatty acid. All the strains were studied concurrently and showed high amounts of C 16 : 0 and summed feature 3 (C 16 : 1 v7c or iso-C 15 : 0 2-OH) which is in congruence with the previous findings (Hiraishi et al., 1997; Li et al., 2004; Kämpfer et al., 2012) . The strains Sac-22 T , Sac-36 and Sac-41 T contained C 17 : 0 cyclo as only cyclic fatty acid which is absent in close relatives. The fatty acid profiles are shown in Table S1 . The G+C content of genomic DNA was determined by HPLC analysis using a reverse-phase column (Supelcosil LC-18 S, Supelco) of individual nucleosides as described previously (Mesbah et al., 1989) . The DNA G+C content of the genomic DNA was 56.4 mol% for strain T and 54.9 mol% for strain Sac-41 T . DNA-DNA hybridization tests were carried out using the filter hybridization method as described previously by Seldin & Dubnau (1985) . Probe labelling was conducted by using the non-radioactive DIG-High prime system (Roche). The hybridized DNA was visualized using the DIG luminescent detection kit (Roche). DNA-DNA relatedness was quantified by using a densitometer (BioRad). Strain Sac-41 T showed a low level of DNA-DNA relatedness (less than 12 %) indicating that the new isolate is genotypically different from the type strains P. violaceinigra KCTC 12193 T and D. zoogloeoides KACC 11690 T . The 16S rRNA gene sequence analysis indicated that strain Sac-36 was most closely related to Sac-41 T (99.9 %); however the DNA-DNA hybridization values were greater than 70 % with the type strains of these species. Based on the data presented, on the recommendation of Wayne et al. (1987) and on the suggestion that a low degree of 16S rRNA gene sequence similarity (,97 %) is sufficient for differentiation at species level (Stackebrandt & Goebel, 1994 ) the strains Sac-22
T and Sac-41 T represent novel species of the genus Duganella, for which we propose the names Duganella sacchari sp. nov. and Duganella radicis sp. nov., respectively.
Description of Duganella sacchari sp. nov.
Duganella sacchari (sac.cha9ri. N.L. gen. n. sacchari, of Saccharum, isolated from sugar cane).
Cells are obligately aerobic, Gram-negative, non-sporeforming, motile, straight rod-shaped, 0.31-0.46 mm wide and 1.2-1.7 mm long. Colonies on AMS or R2A media are tough, dry, viscous, white coloured and convex with entire margins. Growth occurs between 20 and 37 u C with an optimum at 28 u C. The pH range for growth is pH 6-8, with optimum growth at pH 7.2. Growth occurs in the absence of NaCl and in the presence of 0.5 % (w/v) NaCl, but not in the presence of 1 % (w/v) NaCl or higher. Catalase activity is present, whereas oxidase activity is weak. Cellulase and protease activities are positive but not pectinase or urease. The strain is able to tolerate and grow in the presence of 1 mM NiCl 2 and is sensitive to .1 mM CdCl 2 when these are included in the growth plates. Hydrolysis of starch is weak but gelatin and aesculin hydrolysis are absent. Unable to reduce nitrate or denitrify. Methanol, dichloromethane, ethanol, trimethylamine, methylamine, dimethylamine, methane (weak) ). Siderophore production is absent. Ubiquinone (Q-8) was the respiratory quinone and the predominant polar lipids consisted of phosphatidylglycerol and phosphatidylethanolamine. G+C content of the genomic DNA is 56.4 mol%.
The type strain, T (5KCTC 22381 T 5NCIMB 14475 T ), was isolated from rhizosphere soils of sugar cane (Saccharum officinarum L. clone Co86032), the sample being collected at 90 days after planting from an experimental field at the Sugar cane Breeding Institute, Coimbatore, Tamilnadu, India.
Description of Duganella radicis sp. nov.
Duganella radicis (ra.di9cis. L. gen. n. radicis, of a root, isolated from sugar cane).
Cells are obligately aerobic, Gram-negative, non-sporeforming, motile, slightly curved rod-shaped, 0.32-0.39 mm wide and 1.18-1.21 mm long. Colonies on AMS or R2A media are tough, dry, viscous, white coloured and convex with entire margins. Growth occurs between 15 and 37 u C with an optimum at 30 u C. The pH range for growth is pH 4-10, with optimum growth at pH 7.2. Growth occurs in the absence of NaCl and in the presence of 0.5 % (w/v) NaCl, but not in the presence of 1 % (w/v) NaCl or higher. Catalase activity is present, whereas oxidase activity is absent. Cellulase activity is positive but not protease, pectinase or urease. The strain is able to tolerate and grow in the presence of 1 mM NiCl 2 and is sensitive to .1 mM CdCl 2 when these are included in the growth plates.
Hydrolysis of starch, gelatin and aesculin are absent. Nitrate reduction is positive. Methanol, dichloromethane, ethanol, trimethylamine, methylamine (weak), dimethylamine, methane and succinate are utilized as carbon sources for growth and energy but diethanolamine and formaldehyde are not. Positive for utilization as carbon sources are a-cyclodextrin, dextrin, glycogen, Tween 40, Tween 80, Nacetyl-D-galactosamine, L-arabinose, cellobiose, D-fructose, L-fucose, D-galactose, gentiobiose, a-D-glucose, a-lactose, lactulose, maltose, D-mannose, raffinose, sucrose, trehalose, turanose, pyruvic acid methyl ester, formic acid, D-gluconic acid, D-glucuronic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, r-hydroxy phenylacetic acid, a-ketoglutaric acid, DL-lactic acid, quinic acid, D-saccharic acid, succinic acid, bromosuccinic acid, succinamic acid, glucuronamide, L-alaninamide, L-asparagine, L-aspartic acid, L-glutamic acid, glycyl-L-glutamic acid, L-histidine, L-threonine and urocanic acid. Ammonium chloride, potassium nitrate, sodium nitrate, L-alanine, glycine, urea, potassium thiocyanate, triethylamine, aminocyclopropane-1-carboxylate, ammonium sulfate, L-glutamate, L-tryptophan, potassium cyanate and diethylamine are utilized as nitrogen sources but L-glutamate, diphenylamine, methylamine and Laspartic acid are not preferred as nitrogen sources. The main fatty acids were C 12 : 0 , C 16 : 0 , C 10 : 0 3-OH, C 17 : 0 cyclo and summed feature 3 (C 16 : 1 v7c or iso-C 15 : 0 2-OH). The type strain is highly resistant (up to 500 mg ml
21
) to ampicillin, carbenicillin, nalidixic acid, bacitracin, cefotaxime, chloramphenicol, penicillin G, vancomycin and cephalosporin but sensitive to spectinomycin (50 mg ml 21 ), tetracycline (500 mg ml 21 ), gentamicin (300 mg ml ), novobiocin (300 mg ml
) and trimethoprim (300 mg ml
). Positive for siderophore production (plate assay). Ubiquinone (Q-8) was the respiratory quinone and the predominant polar lipids consisted of phosphatidylglycerol and phosphatidylethanolamine. G+C content of the genomic DNA is 54.9 mol%.
The type strain, Sac-41 T (5KCTC 22382 T 5NCIMB 14476 T ), was isolated from rhizoplane of sugar cane (Saccharum officinarum L. clone Co86032), the sample being collected 90 days after planting from an experimental field at the Sugar cane Breeding Institute, Coimbatore, Tamilnadu, India.
